More general: extra-dimensional (ED) theories including gravity are holographically equivalent to the gauge theories living on the boundary of ED space
Introduction
Building HW/SW models Erlich, Karch, Katz, Son, Stephanov, Da Rold, Pomarol, . . .
• Geometry: AdS space near z = 0 corresponds to QCD conformal in the UV • Reproduces concequences of chiral symmetry:
• Properties of correlators of vector and axial current:
VV (AA) Correlators are expanded as a sum over vector (axial) meson resonances
• Mass spectrum (Regge-like behavior)
• Form factors with correct power scaling, distribution functions, etc.
• Baryons in soft-wall model: Forkel-Beyer-Frederico, Brodsky-Teramond, Abidin-Carlson, Gutsche-Lyubovitskij-Schmidt-Vega, . . .
• SW holographic approach for baryons with inclusion of high Fock states dual to bulk fermion fields of higher dimension.
• Objective: Application to nucleon form factors, GPDs, nucleon resonances (Roper)
• Bulk fermion fields
• Bulk fermion mass ± m = ± (∆ − 3/2), where ∆ -scaling dimension
• Action for the fermion field of twist τ
Baryons in soft-wall model
• Expansion on left-and right-chirality components (eigenstates of γ 5 )
• Relations between bulk profiles
Correct normalization of kinetic term of 4D spinor field
• Dilaton can be identified with VEV of the scalar bulk field with dimension-2, which is holographically dual to the dimension-2 gluon operator A 2 µ .
• κ 2 ∼ N c is related to the vacuum expectation value (VEV) α s A 2
µ has been discussed in the literature in detail:
Celenza-Shakin; Chetyrkin-Narison-Zakharov; Gubarev-Stodolsky-Zakharov; Dorokhov-Broniowski; Arriola-Bowman-Broniowski • Coupling of bulk vector and fermion fields
is the Beta function.
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Electromagnetic stucture of nucleons
• V (Q, z) -propagator of trans. massless vector field (analogue of EM field)
Radyushkin-Grigoryan (integral repr.) Brodsky-Teramond (identify x with LC momentum fraction)
At Q 2 = 0 functions C i (Q 2 ) are normalized as
Electromagnetic stucture of nucleons • κ is fixed by the nucleon mass and nucleon electromagnetic radii
• g V is fixed by fine tuning of the neutron electromagnetic radii
• Nonminimal couplings η p,n V from nucleon magnetic moments Electromagnetic stucture of nucleons Electromagnetic stucture of nucleons Electromagnetic stucture of nucleons • Sum rules relating EM FF and GPDs Ji, Radyushkin
• Grigoryan-Radyushkin integral representation for bulk-to-boundary propagator
• LF mapping (Brodsky-Teramond): x is equivalent to LC momentum fraction
• Distribution functions q(x) and e q (x)
Flavor couplings α q , β q and functions γ i (x) are written as
• Nucleon GPDs in impact space Burkardt, Miller, Diehl, Kroll et al
• Parton charge and magnetization densities in transverse impact space
where e p u = e n d = 2/3 and e n u = e
• Transverse width of impact parameter dependent GPD
• Transverse rms radius
• Put n = 1 and get solutions dual to Roper:
• Helicity amplitudes • HQCD models reproduce main features of QCD at low and high energies
• We develop a soft-wall holographic approach -covariant and analytic model for hadron structure with confinement at large distances and conformal behavior at short distances
• Mesons, baryons and exotic states from unified point view and including high Fock states • Future work: nucleon TMDs, DVCS
